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Abstract 
In this paper, a novel cone-shaped blank holder for precision stamping process is presented. The aim is to achieve a variable blank holder force 
(VBHF) during large axial symmetry parts precision stamping process. The blank holder is designed as a combination of a segmental upper 
blank holder which is divided into several areas in radial direction and a lower blank holder with a continuous lower surface, and the lower 
binder is designed as an elastically deformable plate which is able to adjust itself to the changes in sheet thickness during the deep drawing 
process. The novel blank holder leads to an improved pressure distribution in the flange and an elimination of the damage on the surface quality.  
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of 13th CIRP conference on Computer Aided Tolerancing. 
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1. Introduction 
At present, the spherical large size thin-walled key 
component is mainly manufactured by welded assembly 
which will result in a large deformation and the uneven size. 
Weld joints will reduce the carrying capacity of the product, 
and welding defects even become the main factors leading 
to the total failure of the product. Conventional 
manufacturing techniques limit the product to further 
enhance the reliability. The precision stamping technology 
is introduced to reduce the number of welds and improve 
the forming accuracy. 
In stamping process, there are many factors that affect 
the quality of products, such as the blank holder force 
(BHF), the friction and lubrication conditions of the 
interface, and the die geometry. Among these factors, the 
blank holder force is a key process parameterˈwhich have 
a great impact on molding quality and forming limit of 
sheet metal. In general, a lower BHF can’t effectively 
control the flow of material, which can cause wrinkling. 
Although avoid wrinkling, a higher BHF will significantly 
increase the tearing trend. At the same time, it also 
increases the possibility of surface damage of die and sheet 
metal, which decreases the service life of die and sheet 
metal forming quality [1, 2].  
This paper is presented as follows: Section 2 reviews 
briefly the development of precision stamping process. 
Section 3 is to achieve a variable blank holder force (VBHF) 
during large axial symmetry parts precision stamping 
process. The blank holder is designed as a combination of a 
segmental upper blank holder which is divided into several 
areas in radial direction and a lower blank holder with a 
continuous lower surface, and the lower binder is designed 
as an elastically deformable plate which is able to adjust 
itself to the changes in sheet thickness during the deep 
drawing process. Section 4 highlights findings of this paper 
and suggests potential future research directions. 
 
2. Review 
In most traditional cases, a constant blank holder force is 
applied during the stamping process. To find an appropriate 
BHF which won’t result in winkling and tearing, the 
formability window is introduced. The formability window 
shows the relationship between the BHF and the punch 
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stroke. According to Wang et al. [3], there are four basic 
types for BHF formability windows, as shown in Fig.1. In 
the formability window shown in Fig.1a, the sheet could be 
formed without wrinkling and tearing under a proper 
constant BHF which is between the lowest point of the 
critical tearing BHF and the highest point of the critical 
wrinkling BHF. However, for type b and type c formability 
windows shown in Fig.1.a and b, respectively, it is 
impossible to form a sheet under a constant BHF, because 
the minimum BHF that could suppress wrinkling has 
already caused tearing. Thus, the variable blank holder 
force (VBHF) approach is introduced which has 
demonstrated a good effect on this problem [4]. In VBHF 
approach, BHF varies with the punch stroke. The sheet 
formability and forming precision are improved by applying 
VBHF from the press to the die over the punch stroke. 
 
Fig.1.Four basic BHF formability windows [3] 
Though a BHF which varies with the punch stroke can 
improve the forming limit of sheet metal greatly, it is still 
difficult to form the sheet precisely with a traditional single 
fixed blank holder. In traditional deep drawing process, the 
blank holder is generally seen as a whole and rigid, which 
does not appear elastic deformation [5]. During the actual 
drawing process, thickness of the flange area is constantly 
changing, and this traditional blank holder can result in 
local contact with the thickest part of sheet with 
considerably increased surface pressure which can lead to 
tears, while there is no full contact with other parts, so that 
wrinkles in the flange can occur [6]. To avoid wrinkling and 
tearing in the flange, the traditional design approach usually 
take a “try-out” phase in which the designer will modify the 
active surface of the blank holder and die to compensate for 
the thickness variation of the sheet. The try-out is a manual 
work which mainly based on experience, and it is time-
consuming. Furthermore, complex part shapes often cannot 
be made in a single stamping operation because it is often 
not possible to form a part that is simultaneously free of 
splits and wrinkles using a single fixed blank holder force 
to control the metal flow. For those complex geometries, 
the BHF required varies with the position in flange due to 
their different material flow speed, which an overall blank 
holder can’t provide. In order to improve the distribution of 
BHF in the flange area, control the flow of materials and 
reduce the necessity for reworking the dies and shorten the 
try-out phase, many researchers have done a lot of research 
on the blank holder structure. 
Doege et al. [7] put forward a new concept of pliable 
blank holder which is composed of an elastic sheet and a 
series of support to achieve a more homogeneous blank 
holder pressure. Siegert et al. [8] proposed the concept of 
segmental binder to provide a VBHF and discussed the 
deep drawing device with a segmental blank holder which 
is divided into four corner portions and four straight 
portions that are control by eight hydraulic cylinders. 
Literature [9] studied on the segmental blank holder and 
verified its effectiveness in rectangular box deep drawing. 
Li Xining [10] developed a rectangular box drawing die of 
controlled BHF with a blank holder divided into straight 
part and circular part which is individually controlled by a 
hydraulic cylinder and can move separately. Literatures 
[11-13] also studied segmental and multi-point blank 
holders.  
It is found from above brief review that the segmental 
blank holder and the multi-point blank holder provide 
VBHF for flange by divided into several parts in 
circumferential direction and contacting the flange fully. 
Though a physically segmented blank holder provides 
perfect independent controllability over BHF, the gaps 
between two segments break the continuity of the BHF 
change which does have a significant influence on the 
surface quality of the stamped part, which limits the 
application of physically segmented blank holder [14, 15]. 
Most of them focus on VBHF in non- axis-asymmetric parts 
(such as the rectangular box) deep drawing process. But for 
large axial symmetry parts (such as the spherical head), 
those segmental blank holders divided in circumferential 
direction can’t carry out blank holding for different radial 
deformation zones.  
 
3. Design of the annular cone-shaped dual blank holder 
3.1. The idea of the annular cone-shaped dual blank holder 
In axial symmetry parts deep drawing process, the radial 
variation in thickness of the flange deformation zone makes 
the single blank holder only carry out blank holding on the 
outer edge of the deformation zone with large pressure, 
while the pressure on the inner edge is quite small [4]. 
Those segmental blank holders mentioned before can’t 
solve this problem and the gaps between two segments have 
a significant influence on the surface quality of the stamped 
part. To solve these problems, author design a novel cone-
shaped dual blank holder which improves the pressure 
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distribution in flange and eliminates the damage caused by 
gaps on surface quality.  
 
3.2. The die with an annular cone-shaped dual blank holder 
The outlook of the die with a cone-shaped dual blank 
holder is shown as Fig.2. Firstly, the blank holder is 
designed according to the characteristics of spherical head 
shape, and the flange area is divided into two different 
annular regions in radial direction. Upper segmental blank 
holder is divided into inner part and outer part according to 
annular regionsˈand they are physically segmented. There 
are some cylinder pins on the upper surface of each part, 
and the number of cylinder pins is adjustable. The inner part 
and outer part are located to the corresponding annular 
cone-shape in lower blank holder with the positioning 
groove on lower surface of each part. There is groove on 
the surface of lower blank holder to separate two annular 
cone-shapes. During the stamping process, the lower binder 
first contact with the sheet metal when whole blank holder 
move with blank holding slide. BHF transmits from the 
slide to pins, and then to the lower binder through the inner 
and outer blank holder of upper binder, and finally works 
on the sheet. 
 
Fig.2.The die with an annular cone-shaped dual blank holder 
Because the number of pins in inner part is different with 
the one in outer part, the upper blank holder can transmit 
VBHF to the different areas of lower blank holder. It 
increases the constraint by the upper blank holder which 
can provide different pressure in two different annular areas, 
so that the sheet is more stable during the precision 
stamping process. And, the pressure required to draw the 
sheet may be less by this segmental upper blank holder than 
that by a conventional one.  
Compared with the flat-shaped blank holder, the lower 
blank holder with annular cone-shapes has a better control 
over BHF in different areas of the blank holder. When the 
BHF changes in one area, there is less influence to the 
adjacent areas due to the annular cone-shape. And there is 
an annular groove also to reduce the influence further. 
Combining the upper segmental blank holder and the 
lower single blank holder, the annular cone-shaped dual 
blank holder can provide a pressure which evenly 
distributes in circumferential direction and varies in radial 
direction independently. 
 
3.3. Structure of the annular cone-shaped dual blank holder 
The upper blank holder and the lower blank holder are 
shown as Fig.3. The upper blank holder and pins are both 
rigid, so that they can transmit pressure accurately and 
evenly to the lower blank holder. The lower blank holder is 
designed as an elastically deformable steel plate, so that the 
blank holder is able to adjust itself to the changes in sheet 
thickness during the stamping process which will result in 
an enhanced blank holder effect by fully contacting with the 
sheet metal. And with a continuous lower surface, no gap 
will damage the continuity of the BHF changes. Therefore, 
the final pressure working on the sheet metal is different in 
different annular areas and changes continuously.  
 
(a) The upper blank holder 
 
(b) The lower blank holder 
Fig.3.The upper and lower blank holders 
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4. Conclusions 
The annular cone-shaped dual blank holder presented in 
this paper can provide a VBHF to different annular areas of 
the sheet and ensure the continuity of the BHF changes 
between two different areas to eliminate the damage on the 
surface quality during axial symmetry parts precision 
stamping process. The blank holder effect is enhanced more 
effectively and the forming limit is increased by the annular 
cone-shaped dual blank holder compared with that by the 
conventional one. This novel blank holder will not only 
reduce the necessity for reworking the dies and the 
possibility of wrinkling and tearing in the manufactured 
parts, but also increase the dimensional and shape accuracy.  
In conclusion, it can be summarized that the use of an 
annular cone-shaped dual blank holder improves the quality 
and accuracy of the produced precision stamping parts. 
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